Background: Patients who undergo reoperation after living-donor liver transplantation (LDLT) have poor outcomes. However, the specific outcomes of patients undergoing reoperation due to gastrointestinal (GI) tract-related complications following adult LDLT are relatively unknown. In the present study, we investigated the relationship between the causes and outcomes of reoperation after LDLT and classified the risk groups.
INTRODUCTION
Living-donor liver transplantation (LDLT) is a widely-accepted treatment option for patients with end-stage liver disease [1, 2] . The shortage of cadaveric donors and the high number of liver transplantations required have increased the prevalence of LDLT. LDLT is especially prevalent in Asian countries for several reasons-including religious beliefs, cultural traditions, and politics [3] .
LDLT is a complicated surgery that requires skilled and implemented, accompanying problems in the recipient, and the adverse effects of immunosuppressive treatment.
Among these, early complications include primary non-function (PNF), acute rejection, infection, vascular complications, and biliary complications [4] . Certain types of postoperative complications require prompt surgical intervention to save both the patient and the graft. Furthermore, patients who require reoperation are more likely to develop additional complications and, in general, have increased morbidity and mortality [2, 5, 6] . Several recent studies have reported that reoperation rates are higher among LDLT patients than among deceased-donor liver transplantation (DDLT) cases [7] [8] [9] . Therefore, for complications requiring reoperation in LDLT patients, appropriate decision-making and treatment plans remain important and time-sensitive issues. In this study, we analyzed the causes, risk factors, and outcomes in patients requiring reoperation within 30 days of adult-toadult LDLT. In addition, we classified the causes of reoperation by level of risk.
METHODS

Study Design and Population
Patient data were prospectively collected from the elec- 
RESULTS
Baseline Characteristics of the Recipients
The baseline characteristics of adult LDLT recipients are shown in Table 1 . Among 506 patients, 98 underwent reoperation (19.4%). The mean age, sex, BMI, past LDLT, living-donor liver transplantation; OR, odds ratio; CI, confidence interval; HCC, hepatocellular carcinoma; RBC, red blood cell; FFP, fresh frozen plasma. were significantly lower in the reoperation group (P＜ 0.001, P=0.016, respectively). The 3-year and 5-year survival rates were also lower in the reoperation group, but the differences were not statistically significant (P=0.153, P=0.28, respectively) (Fig. 1) . (Fig. 2) .
Related Factors for Reoperation
The results of univariate and multivariate analyses for reoperation within 30 days after adult-to-adult LDLT are shown in Table 2 In the present analysis, GI-related complications main-ly consisted of GI perforation and bile leakage. Previous studies have reported GI perforation as a rare complication of liver transplantation, with an incidence rate of 1% -5.3% [13] [14] [15] . In this, there were four cases of small bowel perforation, one case of stomach perforation, and one case of ischemic colitis among patients with GI perforation. Of the six patients with GI perforation, four died.
DISCUSSION
In several studies, GI perforation following liver transplantation occurred mainly due to the use of immunosuppressive agents, leading to intestinal wall necrosis, and perforation [16] . There are various hypotheses regarding the mechanism by which immuno- [20] [21] [22] . In this study, all seven cases of biliary complications requiring reoperation within 30 days after LDLT were due to biliary leakage; one occurred on the cut surface of the liver graft, and the other six were associated with multiple bile duct orifices, similar to those reported in other studies.
The main limitation of this study was its retrospective, single-center design. Because patient data were collected over a long period of time, the indications for reoperation and details of postoperative management may have differed among cases. Although the GI tract-related group was classified as a high-risk group and clearly showed statistically significant differences in outcomes, it was difficult to conduct more detailed analyses due to the small sample size. In addition, we did not analyze the anatomical complexity of the vascular system and bile duct, which may affect the results. Further research and analysis will be needed to examine and explain the poor prognosis of the high risk group. Although this study was performed at a single institution, the results are meaningful because they were obtained from a relatively larger number of patients compared to previous studies. Finally, future studies with more data are needed to clarify the high-risk groups by analyzing and identifying factors of significant relevance to causes and outcomes.
In conclusion, a long hospitalization period, prolonged operation time, and a history of HCC-related operations were independent factors associated with early reoperation after LDLT. Patients who required reoperation after LDLT had significantly lower rates of survival than patients who did not. Survival analysis based on the cause of reoperation following LDLT revealed that patients with bile leakage and GI perforation had higher mortality than those with other causes; thus, patients with these complications were classified into the high-risk group.
Understanding the risk factors for reoperation after LDLT in different patient groups will help clinicians identify and adopt proper intervention practices, help reduce patient morbidity and mortality caused by reoperation, and improve patient outcomes.
